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Introduction
The branched glycerol dialkyl glycerol tetraethers (br-GDGTs) based methylation index of branched tetraethers/cyclisation ratio of branched tetraethers (MBT/CBT) proxy has been applied successfully in lacustrine sediments for reconstructing past mean air temperature (MAT) and pH (Tierney et al., 2010; Tyler et al., 2010; Zink et al., 2010) . However, there is considerable debate regarding the source of these biomolecules (allochthonous vs. autochthonous or water column vs. lake surface sediments), and the use of appropriate calibration equation (Blaga et al., 2010; Loomis et al., 2011) . The debate mainly arises from the fact that the changes in air temperature across the globe are not symmetrical, and there is considerable variation in temperature on a local scale relative to the global mean air temperature (Jones and Moberg, 2003) .
Interestingly, most of the studies using MBT/CBT proxy are done on relatively pristine and deep lakes. Thus, the objective of this study is to reconstruct recent local air temperature from a shallow highly polluted hyper-eutrophic semi-urban lake, and compare the reconstructed proxy data with instrumental records. To achieve this goal, we have compared the br-GDGT derived temperature from Lake Zeekoevlei sediments, a shallow lake situated in the outskirts of Cape Town, with the temperature database available from the National Climatic Data Centre (NCDC, http://www.ncdc.noaa.gov/oa/climate/ghcn-monthly/index.php).
Lake Zeekoevlei is a shallow (maximum depth 5.2 m) perennial hyper-eutrophic alkaline (pH 9) freshwater coastal lake (surface area 256 km 2 ) situated on the sandy coastal plains of Cape Flats 20 km south of Cape Town in South Africa (Figure 1 ). The lake falls in the sub-tropical Mediterranean winter rainfall climate zone, and is a warmwater lake where annual lake surface temperature ranges between 10.3°C and 28.5°C.
Year round strong winds result in the complete absence of chemical and thermal stratification in the lake (Harding, 1997) , and the lake water remains oxic throughout the year (dissolved oxygen 0.7 -0.9 mmol l -1 ; Das et al., 2009b) . Unconsolidated sand (mainly calcareous) underlies the lake. Milton et al (1999) reported soil pH ranging from 4.7 of acid Fynbos soil along the northern shore to 9.2 of the calcareous soil in the south of the lake. The lake is fed by the Great and Little Lotus Rivers (Figure 1 ), which together drain a catchment (80 km 2 ) covering residential and light industrial areas, commercial farms (Philippi Horticultural Area) and open spaces including vegetated and non-vegetated areas. The rivers are highly polluted with agricultural runoff (Grobicki, 2001) . Moreover, we observed the lake receives overflowing raw sewage effluents from the poor residential areas that lacks proper sanitation. Despite the pollution, Lake Zeekoevlei is a popular destination for recreational activities, and the lake has undergone several modifications (e.g., damming in 1948 and pondweed eradication in 1951) to facilitate year round yachting activities. A number of limnological investigations have been conducted in this lake revealing the consequence of these modifications to the lake ecosystem (Das et al., 2009a; Das et al., 2009b; Das et al., 2008) .
Material and methods
A sediment core was collected in the northern basin of the lake ( Figure 1 ) in 2004.
Details regarding the sampling, and 137 Cs and 210 Pb dating in the core have been discussed by Das et al (2008) . The core was sectioned at 2-cm intervals, and the subsamples were freeze-dried. About 1 to 15 g of freeze-dried sediment (depending on the total organic carbon content) was extracted with a mixture of dichloromethane and methanol (9:1 v/v ratio) using a Dionex 300 Accelerated Solvent Extractor 
We used these equations because the authors formulated the equations for African lakes, and used lake based calibrations for correcting the inferred temperature and pH conditions. Tierny et al (2010) reported a root mean square error of 2.2˚C using the calibration. We also calculated the branched and isoprenoid tetraether (BIT) index (Hopmans et al., 2004) The GHCN data undergoes rigorous quality assurance reviews, and GHCN-monthly is used by NCDC for long term monitoring of temperature-based trends. The database has been used in the Intergovernmental Panel on Climate Change (IPCC) 4th
Assessment Report, the Arctic Climate Impact Assessment and the "State of the Climate" report, which is annually published by the American Meteorological Society.
Results and Discussion
The MBT/CBT derived MAT (T MBT ) . This is because the instrumental temperature data (T GHCN ) have been collected from an urban climate station (Cape Town) where a higher increase in minimum temperatures compared to maximum temperatures has been reported due to an increase in urban heat following rapid urbanization (Kruger and Shongwe, 2004) . In comparison to the Lake Zeekoevlei catchment, the city of Cape Town has experienced substantial post-1990 increase in urban population and industrial development (Kruger and Shongwe, 2004) . Hence, T GHCN should have a much greater effect of urbanization on its temperature trends than
High BIT index values (0.98 to1) suggest an absence of crenarchaeol rather than a terrestrial source of tetraether lipids (Hopmans et al., 2004; Tierney et al., 2010) in Lake
Zeekoevlei sediments. Therefore, in-situ production of br-GDGTs (Damste et al., 2009; Tierney and Russell, 2009; Tierney et al., 2010 ) cannot be ruled out in the lake. High CBT-inferred pH values (8.5-9.1), which lies close to the lake water pH (9-10) and the pH (9.2; Milton et al., 1999) of calcareous soil imply a mix source of br-GDGTs. We did not analyse br-GDGTs in catchment soil and particulate organic matter in the lake and are therefore, unable to distinguish the relative contribution from in situ and soil sources. Prevailing hyper-eutrophic conditions and pollution level in the lake implies that these conditions do not affect the temperature signal recorded by the br-GDGT producing bacteria.
Conclusions
The br-GDGT derived MAT estimate in Lake Zeekoevlei sediments is in reasonable agreement with the range of instrumental temperatures recorded at a meterological station in nearby Cape Town. Thus, we suggest the suitability of using the MBT/CBT-MAT proxy even in semi-urban, highly polluted and hyper-eutrophic lakes.
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